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MATLAB EX
What are “low code” tools?
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= rapid software development
= minimal manual coding
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at! @_I [T

Benefits of low code tools:
= Shallow learning curve

= Teach how to code

= Solve task first, code later

Not just for beginners
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Whatis the Live Editor? SRS —m
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= Run sections of code individually or | =

=q| Plot Fatalities and Urbanization on a US Map

ru n th e Wh Ole fi Ie . Based on this analysis, we can summarize our findings using a plot of fatality rates and urban
— pcr__

population on a map of the continental United States.

for 1 = 1:49

where they occur s

"i'sll)' load usastates.mar] (1]
:E.:' Error using load
. . . . i Unable to read file 'usastates.mar'. No such file or directory. 1
= Find errors at the location in the file
ylin|

patch(usastates(i).Lon, usastates(i).Lat, 'white')

Fittn daspect([1.4 1 1])
Lt axis tight off
The it hold on

scatter(fatalities.longitude, fatalities.latitude, 2000*rate,...
fatalities.urbanPopulation, 'filled')

c = colorbar;

title(c, 'Percent Urban')

HighwayFatalities.mbx * +

The Live Editor provides a new way to create, edit, run, and share MATLAB code.
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MATLAB simplifies the data analysis workflow with low code tools
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Case Study: Get Flight Sensor Data ready for Modeling

= Objective:

— Explore, analyze and prepare flight sensor

data for modeling

= Inputs:

— Excel file with raw flight sensor data

= Output:

— Cleaned sensor data that can be trained to

predict Air Speed
— Reusable code

= Source;:

— NASA Dash Link: Sample Flight Data
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1[tme  |FuelQuantity Latitude  Longitude
2 6/2/20015:41 8048 44.8915135 -63.519183
3 6/2/20015:41 8048 44.8915135 -63.519183
4 6/2/20015:41 8048 44.8915135 -63.519183
5 6/2/20015:41 8048 44.8915135 -63.519183
6 6/2/20015:41 8048 44.8915135 -63.519183
7 6/2/20015:41 8048 44.8915135 -63.519183
8 6/2/20015:41 8048 44.8915135 -63.519183
9 6/2/20015:41 8048 44.8915135 -63.519183
10 6/2/20015:41 8048 44.8915135 -63.5189992
11 6/2/20015:41 8048 44.8915135 -63.5189992
12 6/2/20015:41 8048 44.8915135 -63.5189992
13 6/2/20015:41 8048 44.8915135 -63.5189992
14 6/2/2001 5:41 8040 44.8915135 -63.5189992
15 6/2/2001 5:41 8040 44.8915135 -63.5189992
16 6/2/20015:41 8040 44.8915135 -63.5189992
17 6/2/2001 5:41 8040 44.8915135 -63.5189992
18 6/2/20015:41 8032 44.8915135 -63.5189992

8032

E
QilPressure

MATLAB EXIPO

80°W 75°W 70°W 65°W
Longitude

| F | G H L J | & | L M |

QilTemperature FlightPhaseFromACMS WeightOnWheels Altitude ExhaustGasTemperature FuelFlow TrueAirSpeed WindDirection
0 23.67477417 Planning 0 419 175 0 0 0
0 23.67477417 Planning 0 419 175 0 0 0
0 23.67477417 Planning 0 420 175 0 0 0
0 23.67477417 Planning o 419 17.5 0 0 o
0  23.67477417 Planning 0 419 175 0 0 0
0  23.67477417 Planning 0 420 175 0 0 0
0  23.67477417 Planning 0 419 175 0 0 0
0  23.67477417 Planning 0 419 175 0 0 0
0  23.67477417 Planning 0 419 175 0 0 0
0  23.67477417 Planning 0 418 175 0 0 0
0  23.67477417 Planning 0 420 175 0 0 0
0 23.67477417 Planning 0 419 175 0 0 0
0 23.67477417 Planning 0 419 17 0 0 0
0 23.67477417 Planning 0 419 17 0 0 0
0 23.67477417 Planning 0 418 17 0 0 0
0 23.67477417 Plannin ~ 0 419 17 0 0 0
0 N 418 P



https://c3.nasa.gov/dashlink/projects/85/
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MATLAB EX

Data Access
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MATLAB

Data Visualization
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Data Visualization

o\ MATLAB R2023a
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MATLAE

Data Clean

- Data Cleaner App . e —

— Clean Missingdata . | = 2= §
— Clean Outlier data T - —
— Normalize Data |
— Smooth Data
— Retime Timetable
= Live Script Task
= Automatic MATLAB \,
code generation ] m



Data Clean
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= Import Tool and Import Live Task
— Text, CSV, and Excel files

- Database Explorer (Database Toolbox)

— ODBC
— JDBC

— Data acquisition hardware (Data Acquis
— Stand-alone instruments and hardware

S
mpart
\ 2] Database Explorer

— TEST AMD MEASUREMEMNT

Analog Input  Analog Cutput  Arduine

Hardware Instrurment Modbus

B G

TCP/IP UDP Explorer  VISA Explorer

Explorer

Measurement hardware and industrial data L

ition Toolbox)
(Instrument Control Toolbox)

Recorder Generator Explorer

Manager Control Explorer

lllll

ey

CAN Explorer

COPC Data
Access Explo..

— OPC UA and Aveva PI Server, Modbus devices (Industrial Communication Toolbox)
— CAN, J1939, and XCP (Vehicle Network Toolbox)

u

CAN FD
Explorer

Rasplerry Pi

Rezsource M..

£

MATLAB

il
.

44

Embedded
Linux Explorer

torn

Serial Explorer
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MATLAB EX

Over 100 low code tools for data analysis,

application, and Al

= DataAnalysis
— Visualize, manipulate, and preprocess
— Math, statistics, and optimization

Explore & Discover )

Data Analysis

Algorithm
Development

= -«
J
Optimize e
Minimize a function with or without constraints
~ Specify problem type
Objective - . el :
Linear Quadratic Least squares Nonlinear Nonsmooth

Select an objective type to see example functions

‘D Unconstrained ‘ ‘E Lower bounds ‘ |ﬂ Upper bounds ‘

Constraints || n 1 1 1 == n 11 ]
‘Z Linear equality ‘ ‘ Second-order cone Maonlinear ‘ ‘ Integer ‘
Select constraint types to see example formulas

Linear inequality ‘

Solver | fminsearch - Unconstrained derivative-free nonlinear minimization (recommended) ¥ | O

~ Select problem data

Objective function | From file v | [Browse...] [New...] 0

Initial point (x0) | select ¥ |

» Specify solver options

~ Display progress

Text display | Final output v |

Plot []Current point [ _|Evaluation count | | Objective value

Optimize Live Task (Optimization Toolbox)

12



Over 100 low code tools f

application, and Al

= Application

— Control system design and analysis

or data analysis,

AMALYZER

=+ O H

TIME

[T Signal Table

= ] Workspace Browser By Duplicate @ i‘
MNew Open Save | Display Grid pe Time Values P Smeoth  Llewpass  Highpass

i Explore & Discover W

Data Analysis
& Modeling

Algorithm
Development

Application
Development

MEASUI

MENTS

i, &, Export

'i . @ <3 Undo Preprocessing @

MATLAB EXF

Edit 4] Generate Function | Preferences
FILE LAYOUT SIGNAL TABLE PREPROCESSING OPTIONS ry
Filter Signals
NAME LINE o 3 mSx m whale_moan_1 mwhale_moan_2 ® whale_moan_3 m whale_trill

-8

Sx — Fs:1kHz |0s
- [ whale

whale.w

— Signal processing and communications

— Image processing and computer vision

Workspace Browser
NAME & SIZE CLASS
Eﬂ batsignal

g miib

o ctium (dE)

Time (s)

Frequency (Hz)
g
H
i
@
H
4
0.8
Frequency (kHz)
08 [1X:] 10 12 14 18 18 20
Time (minutes) Time (s)

Name Line ROI - Min (s} |ROI-Max (s) |Min-Value |Min-Time (s) |Max-Value |Max -Time (s) |Mean Peak to Peak |RMS
whale_moan_1 ||| 3.5425¢-01| 1.38850+8@| -2.1863e-01|  6.2458e-01| 2.2644e-01 3.85008e-01| 7.5263e-85| 4.4587e-01| 6.9908e-02
whale_moan_2 || 3.5425e-01| 1.3085e+00| -2.4207e-01| §.75@9e-01| 2.4207e-01 7.6925e-01| -1.8B64e-06| 4.8413e-01| 5.7385e-82
whale_moan_3 3.5425¢-01| 1.30850+08| -2.8503¢-01| 6.7600e-01| 2.8503¢-01|  5.8675e-01| -5.7550e-07( 5.7007e-01| 9.3@85e-02
whale_trill 2.3250e-01| 1.4795e+08| -2.6941e-01| 3.5650e-01| 2.6941e-01|  5.8450e-01| 9.@257e-85| 5.3882e-9l| 5.4113e-02

Signal Analyzer (Signal Processing Toolbox)

13



MATLAB E

Explore & Discover

Data Analysis
& Modeling

Over 100 low code tools for data analysis,
application, and Al -

Algorithm
Development
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e — ncepton 33+ B ety 112182016 single;
® ™ 1111516 gl
B comonsontatayer
WegttLeanRueFacke |1
— FE comvousonzaayer [ iy B s [ [ Py WeightL2F actee '
= - a - BuasteamRateF actoe 2
e comonsonsatayer
piastafackee °
P8 sowsdcomolsonzatayer [ Pt B e B e [ =2 P Wephtsingaizes
— . - Biasivtiaszer
A vansposedconvidLayer
@ wansposedConv2dLayer [ moiene ~ Overview
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— — — — . 5 ] summary
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Last change: Fine Tree 4/4 features (@) Mode! predictions.
= .
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(%) l % .
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— Network design, training, and validation (Statistics and Machine | o7 om0
Learning Toolbox) e | 3, B ) X

(7] 27 Naive .. Accuracy (Valdation): 96.0%

Last change: Linear SVM 414 teatures 25 x e
()29 svm  Accuracy (vaidation): 94.7% N *
e . . . .
Last change: Quatratic SVM aeatures s e
[5)210 s Accuracy (vaticaton): 92.75%
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Document as you go — your script is your report

= Divide code into sections

- Embed outputs next to the
code

= Add rich text formatting,
equations,
Images, and hyperlinks

= Save directly to PDF, HTML,
Word, and LaTeX

MATLAB E

Outputs for Design

=)

Share

Reporting and
Documentation

» L0

L <)

Deployment

[=] Live Editor - CAMATLABNSunriseSunset.

LIVE EDITOR

\{};\ | [QFndFies 4+ 47 E
15 compare £ GoTo QIHM e

3] Normal =

= >
== control

L6 reectore ||

B > Bl
2} Run and Agvance
Section L

MATLAB £, o

o Java ¢/Cqs

GCREEEFECYEI=TC)

exe
NET 41l python

e

| SunriseSunset_final.mix *

Est

Usir
SC

sun

Refi

Fill & Sign

asfe | (=) &

Comment

Power Generation in Solar Cells

In this example we will estimate the power output from a typical solar panel installation. We will use 12 noon
on June 1st in Boston to illustrate how to calculate the following:

«  Solar declination and solar elevation

« Airmass and the solar radiation reaching the earth's surface

« Radiation on a solar panel given its position, tilt, and efficiency
+ Power generated in a day and over the entire year

‘We will use these formulas to plot solar and panel radiation for our example day, and then plot the expected
panel power generation over the course of a year. We'll use two MATLAB functions created for this analysis,
solarCorrection and hourlyPanelRadiation, to streamline the analysis.

Power generation in a solar panel depends on how much solar radiation reaches the panel which in tum
depends on the sun’s position relative to the panel as the sun moves acioss the sky.

S SEE=E= break () Run toEnd
FLE NAVIGATE e coDE SEcTIoN RUN =
| SunriseSunsetmbc | 4+ |
N ) R . T SolarPower.pdf - Adobe Reader
Define Solar Correction by Location Fle Edit View Window Help
2 longitude= 42; @ =] % ‘ ¥
3 latitude = 44; L.
4 days = 1:365; Sunrise and Sunset
5 UTCoff = findOffset(timeZones,longi’
6 eotCorr = equationOfTime(days);
7 solarCorr = 4%(longitude - 15*UTCof 20 The Overall Approach
8 delta = asind(sind(23.45)*sind(360@*
9 sunrise = 12 - acosd(-tand(latitude
16 sunset = 12 + acosd(-tand(latitude 15
=
\ 8 + Solar time
k<]
Plot Sunrise and Sunset by Day of g
Year =1
11 ¢lf ; plot(days, sunrise, days, sun \/
12 axis([1 365 @ 24]) st
13 title('Sunrise and Sunset') -
14 xlabel('Day of Year') ; ylabel('Tim St CAMATLABNSGR
15 hold on o LIVE EDITOR ﬁ Solar Time
1é patch([days flip(days)], [sunrise f 50 100 oy G () Fina Fil
New Open Save Ly Comeel
> v v v Pt

lambda = -71.06; % Boston longitude

phi = 42.36; % Boston latitude

UTCoff = -5; % Boston UTC offset

TZ = ['UTC' num2str(UTCoff)1;

januaryl = datetime(2016,1,1, 'TimeZone',TZ); % January 1st

localTime = datetime(2016,6,1,12,0,0, 'TimeZone',TZ) % Noon on June 1

localTime =
01-Jun-2016 12:00:00

To calculate the sun's position for a given date and time we need to use solar fime. Twelve noon solar time
is defined fo be the time when the sun is highest in the sky. To calculate solar time, we apply a correction to
local time. That correction has two parts:

+ A term which corrects for the difference between the observer's location and the local meridian
+ An orbital term related to the eccentricity of the earth’s orbit and its axial tilt

We'll use a MATLAB function created for this analysis called solarCorrection. For example, at noon on
June 1, the solar time would be:

d = caldays(between(januaryl,localTime, ‘Day')); % Day of year

solarCorr = solarCorrection(d, lambda,UTCoff); % Correction to local time
solarTime = localTime + minutes(solarCorr)

solarTime =
©01-Jun-2016 12:18:06

m

‘v »

— =
=l

=

script



Deploy and integrate MATLAB code

Package and deploy MATLAB programs

Generate code
— C/C++

— CUDA(Mex)
— HDL

£ MATLAB Coder
Select

MATLAB Coder

The MATLAB Coder workflow generates standalone C and C++ code from MATLAB
code. To begin, select your entry-point function(s)

Generate code for function: Enter a function name

MATLAB I

Reporting and

ooooooooo

B  Finish Workflow

Source Code Generated Successfully

now use the C code in your applications. Learn more

Project Summary

Functions ) kalmanfitter.m
Preject Type MATLAB Coder
Project File & kaslmanfilter g

Generated Output

16



Start with low code ... and switch to code easily when needed

Latitude Longitude QilPressure

FlightData = sortrows(FlightData, "FuelQuantity", "descend");
FlightData = FlightData(FlightData.FuelQuantity >= 3863,:)

Update Code

Interactive Controls

% Create plot of FlightData.Time and FlightData.FuelFlow

h2 = plot(FlightData.Time,FlightData.FuelFlow,"DisplayMame","FuelFlow");

% Add xlabel, ylabel, title, and legend
xlabel("Time")

ylabel("FuelFlow")

title("FuelFlow vs. Time")

legend

FuelFlow vs. Time

Live Tasks

103
20

| untitled2* x| 4+ |

function [trainedClassifier, validationAccuracy] = trainClassifier(trainingData, responseData)
[trainedClassifier, validationAccuracy] = trainClassifier(trainingpata,

responseData)

Returns a trained classifier and its accuracy. This code recreates the

classification model trained in Classification Learner app. Use the

generated code to automate training the same model with new data, or to

learn how to programmatically train models.

Input:
trainingData: A matrix with the same number of columns and data type
as the matrix imported into the app.

responseData: A vector with the same data type as the vector
imported into the app. The length of responseData and the number off
rows of trainingData must be equal.

Output:
trainedClassifier: A struct containing the trained classifier. The
struct contains various fields with information about the trained
classifier.|

trainedClassifier.predictFcn: A function to make predictions on new
data.

validationAccuracy: A double representing the validation accuracy as
a percentage. In the app, the Models pane displays the validation
accuracy for each model.

%
%
x
x
%
%
x
%
%
x
x
%
%
%
%
%
x
x
x
x
x
x
%
%
%
%
%

»

Auto-generated by MATLAB

% Extract predictors and response
inputTable = array2table(trainingData, ‘variableNames®, {'column_1', ‘column_2', ‘column_3', ‘column_a‘, ‘column_S'})

predictorNames = {'column_1', ‘column_2', ‘column_3', ‘column_a', 'column_5'};
predictors = inputTable(:, predictorNames);

response = responseData;

isCategoricalPredictor = [false, false, false, false, false];

classhames = {'Female’; 'Male'};

% Train a classifier
% This code specifies all the classifier options and trains the classifier.
classificationTree = fitctree(...

predictors,

response, ...

‘splitCriterion’, ‘gdi‘, ...

‘Maxnumsplits’, 1ee,

‘Surrogate', 'off’,

"Classhames’, classNames);

% Crea
.
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